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ABSTRACT 
Human sebaceous glands were dissected (at 25-40" magnification) under sterile 
conditions from scalp specimens obtained during neurosurgical procedures. Isolated gland~ 
were incubated with 14C-glucose or 14C-branched amino acids in lciterile chambered Petri 
dishes. Lipids were extracted, separated b\' thin-layer chromatography (TLCJ. scraped from 
the thin-layer plate, re-extracted and weighed, and the incorporated radioactivity of each 
fraction was measured by liquid scintillation countir'lg. 
Squalene, wax esters. triglyceridet< and cholesterol were identified by TLC. and their 
presence was confirmed by the Liebermann Burchardt reaction. Cholesterol esters were not 
identified by either technique. Radioactlvrty was found in most lipid fractions. at lea::.t in 
small amounts. Specific activity was highest in the triglyceride fraction. Althou?;h free fatty 
acids were not visualized by TLC, radioactivity was present in the area to whrch free fatty 
acids would be expected to migrate. 
In 1966. a technique was reported for the isola-
tion of human sebaceous glands Ill. and in 1967. 
the biochemical analysis of the varioub lipid 
classes from these isolated sebaceous glands was 
published 121. Unfortunately, since the separatron 
technique did not preserve tissue viability. studie~ 
of lipid synthesis in vitro were not possible. 
Subsequently, however. a microdissection tech-
nique was developed to isolate viable human 
sebaceous glands. In thi5 paper we report the 
results of in vitro incubations of these isola ted 
sebaceous glands with 14C-labelled compounds. 
The project sought to test three hypotheses: ()) 
14C-glucose is the precursor of squalene. wax 
esters. and triglycerides in human sebaceous 
gland; (2) sterol esters do not,.arise, as such. in the 
human sebaceous gland; ancf (3) branched ammo 
acids serve as the precursors for the unique 
branched fatty acids found in human surface lipid. 
Summerly and Woodbury (Br ,J Dermatol 
85:424, 1911) reported in vitro incorporation 
studies of '•C-acetate into 4-mm discs of human 
skin, followed by separation of the sebaceous 
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glands by the calcium chloride method previously 
described (1 ]. They found a constant and repro-
ducible pattern of radioactivity incorporated into 
triglycerides. wax esters, squalene and !i ma ll 
amounts of free fatty acids. free sterols, and 
diglyceride. :'>lo effort was made to obtain specific 
activities of each lipid fraction, so their results 
cannot be directly compared to those reported in 
this paper. 
METHODS AND MATERIALS 
Elliptical segments of shaved human scalp skin. 4 to 8 
em in length and up to 1 em in width, were obtained 
under sterile conditions during neurosurgical procedures 
and transferred immediately to the laboratory. The 
dissection of sebaceous glands was carried out under 
sterile conditions. The skin was rinsed with sterile saline. 
placed on a sterile glass plate, and the subcutaneous 
tissue was trimmed away through the lower third of the 
dermis. The remaining skin was cut perpendicular to the 
epithelial surface into strips I to 2 mm thick with a 
sterilized razor blade. The sebaceous glands were teased 
free from surrounding dermis using fine forceps and a 
pointed #11 scalpel blade, at 25 ·40 x magnification with 
a Leitz skin microscope. 
Fifteen to 24 isolated glands were incubated for :l or 
12 hours in sterile disposable plastic organ culture dishes 
(60 x 15 mml containing 2 to 3 ml or bicarbonate-buf-
fered Krebs-Ringer solution with 4 to 20 ~Ci of "C-U-
glucose (2-10 ~m) and various cofactors as noted in Table 
I. Preliminary studies utilizing "C-acetate gave very low 
amounts of radioactivity in all lipid fractions, ~o "C-
glucose was used in this study. 
At the completion of the incubation, the glands were 
removed from the culture media and washed four times 
with distilled water, blotted dry on fat-free filter paper, 
and weighed (wet weight of isolated sebaceous glands). 
The lipids were extracted with chloroform methanol 
(2: 1, v/v) in a glass tissue homogenizer [2, 3 ). The extract 
was dried with nitrogen, redissolved in solvent, trans-
ferred to a tared, glass-stoppered centrifuge tube, dried 
with nitrogen until a constant weight was obtained, and 
weighed (weight of crude lipid sample). The lipid sample 
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was redissoked in chloroform for thin-la~·er chromalOJ.:· 
raphy 
Th1n-/ayer chromatography { TU'). Convenllonal 
lechmques of TLC were employed. using silica gel H 
layered onto 20 • 20 em ~:lass plates [:?. 4 J. The sebaceous 
gland lipids were a pplied to the activated chromato-
graphic plate with appropriate referent·e standards. and 
the pattern of lipid sample and reference standard 
spotting is shown diagramatically in Figure 1. After the 
plates were developed in hexane: d1ethyl ether : acetic 
acid (80: 20: 1), the broad lane containing the bulk of the 
sebaceous gland lipid sample was shielded w1th plastic 
film, and the remainder of the plate was sprayed with 
d ichlorfluoroscein for visualizat ion under ultraviolet 
light. or visualized with iodine vapor. Using the standard 
spots as gu1de points. the broad sebaceous lipid lane was 
d ivided in to sections (Fig. LA El. and each section of 
silica gel was scraped into a beaker, filtered. and the 
lipids were re-extracted by microcolumn chromatogra-
phy. Lipids from Section A (see Fig. ll (containing 
squa lene. sterol a nd wax esters) were reapplied to a 
second chroma tographic plate with appropriate reference 
TABLE I 
Cond1t10ns for in vitro tissue culture oj 1~olated human sebaceous 11lands tl'ith "C-iiluco.w!. u·ith amount.~ of crud(' 
l1p1d and radioactwtt.v obtained from each Incubation 
lncuba· 1'\o. of Subotrate loon • ~lands ( "C.gluco,PI 
-
~-
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FIG. I. Diagram of spotting patterns of sebaceous lipid samples and lipid standard compounds fo r imtial lipid 
separation by thin -layer chromatography, after development in hexane: diethyl ether : acetic acid (80: 20: 1). 
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FtG 2. Dtagram of spotting patterns for secondarv separation of Fraction "A" of sebaceous lipid !>llmples by 
thin-layer chromatography. after development in hexane: benzene ( l : 1) . 
standards and developed in hexane-benzene I I : I) to 
separate squalene and the esters !Fig. 21 The silica gel 
was again divided into sections based on the position of 
reference stands and scraped into beakers for re-extrac-
tion of the individual lipid classes. Plates were spotted in 
parallel for Liebermann-Burchardt (L Bl determina-
tions 14 ]. All of the separated h,id classes I from both 
TLC separattons) were weighed on a Kahn microbalance. 
and redissolved in toluene scintillation tluid (containing 
PPO and PO POP) for counting on a Model 720 :-.luclear 
Chicago liquid scintillation counter. Dtsmtegratwns per 
minute (DPMl were calculated by the channel!< ratio 
method, and percentages of radioact ivtty were obtained 
for each maJor lipid fraction . Specific activities ot eat'h 
lipid class were calculated. 
Eight separate in vitro incubations of isolated seba-
ceous glands were performed with "C-brunched amin<t 
acids. two each with "C-iso-butyrate, "C-isoleucine, 
"C-leucine, and "C-valine (Table 11). The lipid;, were 
extracted as above. and the total liptd sample was 
saponified to yield fatty acids. The methyl esters of the 
fatty acids were prepared 17] and studied by gas chroma-
tography on a Beckman GC1 gas chromatograph 
equipped with a Nuclear Chtcago now-through propor-
tional counter. 
RESl·LT::i 
Tables I and II summarize the condttions liH the 
in vitro incubation or isolated human sebaceous 
glands, the amounts of crude lipid obtained, and 
the amount of radioactivity incorporated during 
the various incubations. 
Spots were visualized by T LC which corre-
sponded to those of triglyceride. squalene, and 
small amounts of wax esters and cholesterol. The 
presence of squalene and cholesterol in most 
samples was confirmed by L- B determinations. 
Cholesterol esters were not identified by TLC or 
by the L- B reaction. Table rn summarizes the 
mean percentages and range of values of radioac-
tivity in each li pid fraction following incubation 
with presence of "C-glucose. The percentage of 
incorporated radioactivity in squalene was quite 
low in al l but one sample. This may indicate that 
glucose is not the usual substrate for the biosyn -
thetic pathway to squalene, or that the conditions 
and duration of the in vitro incubation did not 
permit radioactive labell ing of this lipid class. 
Since sterol esters could not be visualized by 
TLC or identified by the L B reaction, and since 
sterol esters are not dist inctly separated from the 
wax esters by TLC. the radioactivity from the 
"sterol ester" region was combined with the wax 
ester fraction and labelled "wax esters." The 
percentages bf radioactivity in the wax ester frac -
tion were a lso much lower than the tota l percent-
ages of wax esters normally found in human 
surface lipid. 
The highest percentage of radioactivity was 
found in the triglyceride fraction as expected, and 
although free fatty acids could not be visualized on 
TLC, there was radioactivity present in this area. 
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TABLE II 
Conditions for in vitro ti.•~ue culture of tsolated human sebaceou.~ p/ands 11'ith "C-brandted am1n11 actds. and 
di.\inteJ~ratron.' per mtnute recorded from " of each sample 
---
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22 24 5 ,..Ct •C-vahne 12 11.49 
23 24 5,..Ct "C-~tlucose 12 9.11 
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25 24 5 ,..Ci . 1'C -isoleu(·me 12 -1.06 
26 24 :;,..Ct 1 'C-leucine 12 12.18 
27 24 5 ,..Ci 1 'C-valine 12 8.58 
28 2-1 .;,..Ci 1 •c -gluco'e 12 9.97 
29 24 10 11Ci ' 1C-gluco~e 12 3.!'12 
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above 
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TABLE Ill 
Percentapes of incorporated radioactinty rn each lipid fraction (~amples 4-18). mean values and ranf.(e 
Mean 
Range 
Squalene 
0.3'; 
0.1- 14.7 
1.0% 
0.1 :1.4 
l ' nknm'n 
m at erial> 
IWI\\een 
·a:\ e:,lt:r:o, 
und TG 
9');. 
0.-1-52 
· May include minor amount of •aero! esters. 
t May include some diglycerides and other polar lipids. 
-,-
Triglyreride F'attv nrtd' 
-
72"; 1.2"r 
23.6-85 1.0 7.:1 
Sternlsi' 
- -, ... 1.1 { 
2.6- 13.9 
Jl 
Oril{tn. 
mcludin11 
hu,pholipid>. 
dt~l vee rides. 
nnd mher 
polar hpid~ 
-1.5", 
0.7 10.4 
----'--
TABLE LV 
Specific activitie.~ of eac-h lipid fraction. calculated a~ distintewatwns per mrnute per mu:ropram of rrude lipid 
., 
-
Squalene Triglyceride Fatty ands ~temlst 
Onl(tn. mcludinl( 
phclspholip•ds. 
di~:l~cerides. nnd 
other unidentified 
polar lipids 
Mean 
Range 
0.-1 
O.Oi>- 12.:i 
0.6 
0.2 4.5 
22. 1 
.1.9 29.2 
4.2 
I 2-1:1 
.i.7 iA 
()..1 12.9 
• Ma) include minor amounts of stt>rnll!»ter:.. 
t May include some dtglyceride~ and other polar lipids. 
The narrow band in which sterols were located 
contained 7.7 percent of the incorporated radioac-
tivity, hut this band may have included some 
diglycerides and more polar lipids near the origin. 
Table IV records the mean values and range for 
the specific radioactivities (disintegrations per 
minute per microgram of lipid) of each lipid crass. 
Specific radioactivity was bighe!il in the triglyce-
ride fraction with significant level!i recorded in the 
sterol and fatty acid fractions. Specific activities 
in the squalene and wax ester fractions were very 
low. 
-'--
The attempt to demonstrate incorporation of 
14C-branched amino acids into the brunched latty 
acids of sebaceous lipid failed. Although adequate 
gas chromatograms were obtained, there were no 
identifiable peaks of radioactivity recorded by the 
flow-through counter. 
DISCl SSI0:-.1 
The results of the experimen ts using 14C-
glucose as a labelled precursor indicate that tri -
glycerides are the dominant product of the human 
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sebaceous gland. The percentage of the total 
incorporated radioactivity and the specific radi-
oactivities of the triglyceride fraction were high. 
On the other hand, the amount of radioactivity 
incorporated into the squalene and wax ester 
fractions was very low. Although this may indicate 
that glucose is not the usual substrate for these 
biosynthetic pathways, it is more likely that the 
conditions and duration of the in vitro incubations 
did not permit incorporation of the 14C from 
glucose mto these two lipid classes. Furthermore. 
in retrospect. the concentration of glucose in each 
culture may have been too low, although m one 
sample (#10). the highest degree of radioactivity 
was recorded when only 4 .u.Ci of 14C-glucose was 
used. 
The failure to demonstrate sterol esters in seba-
ceous gland lipid by TLC. by the L-B reaction. or 
by evidence of incorporation of radioactivity con-
firms previous work [2 1. and leads to a stronger 
belief that sterol esters are not formed as a primary 
product of sebaceous gland metabolism. There is 
conflicting evidence regarding the or igin of choles-
terol and cholesterol esters in the human seba-
ceous gland. Greene eta! (5 I have shown that the 
proportion of cholesterol and cholesterol esters 
does not fall as greater amounts of surface lipid are 
accumulated. This offers indirect e,·idence that 
sebum contains cholesterol and cholesterol esters. 
Wilkinson [6 I undertook the difficult task of 
separating cholesterol esters from the wax esters of 
surface lipid. With this purified cholesterol ester 
fraction , be found a predominance of the 6:7 
unsaturation which suggests that the fatty acids 
found in the cholesterol esters are of sebaceous 
gland origin. This suggests that free cholesterol is 
esterified after leaving the sebaceous gland, but 
before reaching the skin surface. 
In the incubations with ••C-branched amino 
acids, the results tend to disprove the hypothesis 
that branched amino acids are the precursors of 
the unusual branched fatty acids of human seba-
ceous lipid. The low levels of specific activity in 
the substrates, however, may have limited the 
validity of this phase of the study. 
REFERENCES 
l. Kellum RE: Isolation of human sebaceous glands. 
Arch Dermatol 93:610, 1966 
2. Kellum RE: Human sebaceous gland lipids. Arch 
Dermatol 95:218, 1967 
3. Folch J, Lees M, Sloan Stanley GH: A simple method 
for the isolation and purification of total lipids from 
animal tissues. J Bioi Chern 227:497, 1957 
4. Stahl E(Ed): Thin-Layer Chromatography-A Labor-
atory Handbook. New York, Academic Press, 1965 
5. Greene RS, Downing DT, Pochi PE. et al : Anatomical 
variation in the amount and composition of human 
skin surface lipid. J Invest Dermatol 54:240, 1970 
6. Wilkinson Dl: Esterified cholesterol in surface lipids: 
methods of isolation and fatty acid content. J lnvest 
Dermatol 53:34, 1969 
7. Metcalfe LD, Schmitz AA, Pelka JR: Rapid prepara· 
tion of fatty acid esters from lipids for gas chro· 
matographic analysis. Anal Chern 38:514, 1966 
